Introduction
============

Gliomas are one of the most lethal cancers of the human central nervous system, exhibiting aggressive behavior.[@b1-ott-11-201],[@b2-ott-11-201] Despite using several methods in the treatment of gliomas, including microsurgery, chemotherapy, and radiotherapy, the prognosis of patients who suffered from glioma remains poor, with a survival rate of only 2 years. The World Health Organization (WHO) classified glioma tumor into four grades (I--IV) according to the histopathological characteristics that correlate with prognosis. Grade IV glioblastoma (GBM) is most fatal, and the results of current therapies show that the 5-year survival rate for GBM patients is approximately 10%, accounting for the difficulties in resection and the poor sensitivity to radiation and chemical therapies.[@b3-ott-11-201]--[@b5-ott-11-201] Indeed, a comprehensive understanding of glioma pathogenesis is extremely necessary, which provides a new therapy target, thus improving the survival rates. Despite current problems in clinical therapy for gliomas, the molecular underpinnings of the pathogenesis of glioma tumors are rapidly advancing, and several genetic and epigenetic factors have been described in different grades of gliomas. Histone methylation is a novel factor that has been demonstrated to be correlated with transcriptional activation, and some studies have shown that modification in histone methylation contributes to the development of tumor.[@b6-ott-11-201],[@b7-ott-11-201] The changes in epigenetic genes can be reversed by multiple factors; therefore, targeting these types of genes might be a novel therapy for neoplastic processes.

KDM2B, also known as NDY1, JHDM1B, or FBXL10, is a histone lysine demethylase with specificity to H3K36me1, H3K36me2, and H3K36me3. KDM2B has multiple domains, including a JmjC domain at the N-terminal, a CXXC zinc finger, a plant homeodomain (PHD), an F-box motif, and leucine-rich repeat (LRR).[@b8-ott-11-201] Recent research has identified KDM2B as an oncogene in many types of tumors, such as breast cancer,[@b9-ott-11-201] leukemia,[@b10-ott-11-201]--[@b12-ott-11-201] pancreatic cancer,[@b13-ott-11-201] and gastric cancer.[@b14-ott-11-201] In addition, the mutation of KDM2B has been found in human large B-cell lymphoma.[@b15-ott-11-201] In mouse embryonic fibroblasts (MEFs), KDM2B inhibits Ink4/Arf by the enhancer of zeste homolog 2 (EZH2), which is a highly conserved histone methyltransferase that targets lysine-27 of histone H3, which influences aging and cell proliferation.[@b16-ott-11-201],[@b17-ott-11-201] EZH2 is the core catalytic subunit of the polycomb repressor complex-2 (PRC2), which can deactivate the expression of tumor suppressor genes by methylating lysine 27 of histone 2 (H2K27).[@b18-ott-11-201] In addition, EZH2 was found to be associated with the proliferation and differentiation of tumors.[@b19-ott-11-201] Many studies have demonstrated that EZH2 is upregulated in multiple types of malignant tumors, including prostate cancer[@b20-ott-11-201] and breast cancer.[@b21-ott-11-201] Moreover, several reports have shown that EZH2 plays an important role in accelerating growth and migration in several tumors.[@b22-ott-11-201]--[@b24-ott-11-201] A study has found that EZH2 is overexpressed in gliomas by targeting miR-101 and inhibiting the proliferation and migration of gliomas.[@b25-ott-11-201] Moreover, a defect in EZH2 repairs the self-renewal of GBM cancer stem cell in vitro.[@b26-ott-11-201] In addition, a recent study showed that the inhibition of EZH2 in GBM led to more than 80% reduction in the clonogenic factor.[@b26-ott-11-201] Thus, EZH2 might be used as a new therapeutic target for the treatment of aggressive tumors, especially gliomas. A previous study demonstrated that KDM2B inhibits miR-let-7b, thus altering the expression of EZH2 in human bladder cancer cell lines.[@b27-ott-11-201] These findings indicate that KDM2B plays an important role in the development of malignant cancers by targeting EZH2.

However, the possible upregulation and oncogenic role of KDM2B in glioma is still incompletely defined. To examine the role of KDM2B in glioma, we analyzed the expression of KDM2B in various grades of human glioma tissues using immunohistochemistry (IHC) and Western blotting. The correlation between KDM2B expression with clinical pathological and prognostic characteristics was also investigated. We found that the expression of KDM2B in human glioma tissues was significantly higher than that in normal brain tissues, and it was correlated with pathological grades. Then, we used RNA targeting KDM2B to silence the functional expression in the two GBM cell lines, U87 and U251, and its effects on cell proliferation and clone formation were evaluated to identify the function of KDM2B in glioma cells and the biological behavior of the tumor cells. Our findings indicated that KMD2B might be a novel biomarker in the clinical diagnosis and prognosis in glioma by targeting EZH2.

Patients and methods
====================

Patients and specimens
----------------------

Surgical specimens were collected from 62 glioma patients from the First Affiliated Hospital of China Medical University from 2008 to 2011. Clinicopathological information about the glioma patients is presented in [Table 1](#t1-ott-11-201){ref-type="table"}. Six normal brain tissue samples were used for the control group. Normal tissues were obtained from patients suffering from cerebral injury who underwent internal decompression. None of these patients had received radiotherapy or chemotherapy prior to surgery. All tumor samples were classified as grade I, grade II, grade III, or grade IV based on the WHO classification guidelines. This study was approved by the Ethical Committee of the First Affiliated Hospital of China Medical University at Shenyang. Written informed consent was obtained from all participants.

Cell lines, production of lentiviral particles, and establishment of stable cell lines
--------------------------------------------------------------------------------------

U87 and U251 human GBM cells were purchased from the Chinese Academy of Sciences (Shanghai, China). Cells were cultured in Dulbecco's Modified Eagle's Medium (DMEM; Thermo Fisher Scientific, Waltham, MA, USA), 10% fetal bovine serum (FBS; HyClone, South Logan, UT, USA), 100 U/mL penicillin G, and 100 μg/mL streptomycin. The cells were incubated in a sterile incubator maintained at 37°C with 5% CO~2~. KDM2B-RNAi-lentiviral vectors were purchased from Shanghai Genechem Company (Shanghai, China). The KDM2B \#1 sequence was 5′-GATGAGCATGTCCCAGTTT-3′, the KDM2B \#2 sequence was 5′-TGAGCGTGAAAGGTTGTTT-3′, and the shRNA control sequence was 5′-TTCTCCGAACGTGTCACGTtt-3′. The U87 and U251 cells were cultured in a 12-well plate and transfected with lentivirus with 3 mg/mL polybrene.

IHC
---

Immunostaining was performed according to the manufacturer's protocol. Briefly, all specimens were fixed with 4% paraformaldehyde to prepare the paraffin-embedded specimens in 4 μm sections. Rabbit polyclonal anti-KDM2B (1:150; Abcam, Cambridge, UK) and biotinylated goat anti-rabbit immunoglobulin G were used as primary and secondary antibodies. After counterstaining with diaminobenzidine, the sections were inspected under an optical microscope. For the control sections, the primary antibody was replaced by phosphate-buffered saline (PBS).

Three independent pathologists were invited to evaluate the IHC analysis, without knowledge of the clinical and pathological characteristics of the patients. The intensity of the staining was scored as follows: 0 (negative), 1 (weakly positive), 2 (moderately positive), and 3 (strongly positive). The percentage of KDM2B-positive cells was scored as follows: 0 (0% glioma cells stained), 1 (1%--25% glioma cells stained), 2 (26%--50% glioma cells stained), and 3 (50%--100% glioma cells stained). The intensity and percentage scores were multiplied and classified into two groups: low expression (0--4.5) and high expression (4.5--9).

Western blot assay
------------------

Cells and tissue proteins were lysed in radioimmunoprecipitation (RIPA) buffer, and the total protein concentration was determined with a bicinchoninic acid (BCA) assay (Beyotime Institute of Biotechnology, Shanghai, China). Twenty micrograms of total protein were separated by 10% sodium dodecyl sulfate-polyacrylamide gel electrophoresis and then transferred to polyvinylidene fluoride (PVDF) membranes. The membranes were washed, blocked, and incubated sequentially with specific primary antibodies, namely, rabbit polyclonal anti-Cyclin D1 (1:1,500; Abcam), rabbit polyclonal anti-EZH2 (1:1,500; Abcam), and rabbit monoclonal anti-P21 (1:1,500; Abcam). Incubation with the primary antibodies was followed by incubation with goat antirabbit secondary antibody (1:5,000; OriGene Co. Ltd, Beijing, China). The reactions were detected by an enhanced chemiluminescence assay. The ImageJ software was used to quantify the protein expression levels. Each experiment was performed in triplicate.

Cell viability assay
--------------------

Cell proliferation was measured using an 3-(4,5-dimethyl-2-thiazolyl)-2,5-diphenyl-2-H-tetrazolium bromide (MTT) Assay Kit (BioDev-Tech, Beijing, China). Briefly, the cells were seeded in 96-well plates at a density of 2×10^3^ cells/well (200 μL/well). The plate was incubated for 1, 2, 3, 4, 5, and 6 days. MTT (20 μL, 5 mg/mL) was added to each well. After 4 hours of incubation at 37°C, the culture medium was removed, and the intracellular formazan crystals were solubilized with 150 μL DMSO. After shaking for 10 minutes, the absorbance of each well at 490 nm was measured by an enzyme immunoassay instrument. All experiments were repeated in triplicate.

Clone formation assay
---------------------

The cellular proliferation potential was assessed by colony formation, which involved seeding 400--1,000 cells in six-well plates and incubated at 37°C in a 5% CO~2~ incubator. After 14 days of culture, the cells were stained with crystal violet and the colonies were counted. The data are represented as the mean ± SD from three independent experiments.

Cell cycle analysis
-------------------

Cells were harvested and fixed in 70% ethanol and stored at 4°C overnight. The fixed cells were centrifuged at 1,000× *g* for 5 minutes and washed with cold PBS three times. Finally, the cells were incubated with 50 μg/mL propidium iodide (PI) containing 8 μg/mL RNase in the dark at 37°C for 30 minutes. The DNA content of the cells was quantified by flow cytometry (FCM).

Statistical analysis
--------------------

Differences between the groups were evaluated by one-way ANOVA with Tukey's post hoc test. The Kaplan--Meier method was used for the survival analysis, and univariate and multivariate Cox regressions were used to explore the association between the biomarkers with the outcomes and patient characteristics. All statistical analyses were performed using SPSS 19.0 software (IBM Corporation, Armonk, NY, USA). The results were considered significant if *P*\<0.05, and the data are presented as the mean ± SD from at least three independent experiments.

Results
=======

KDM2B overexpressed in human glioma tissues
-------------------------------------------

We first measured the expression of KDM2B by IHC analysis in 62 glioma tissues (grades II--IV) and six normal brain tissues. As shown in [Figure 1A](#f1-ott-11-201){ref-type="fig"}, KDM2B staining was mainly located at the nucleus and cytoplasm of glioma cells, and the noncancerous brain tissue specimens were not stained. Of the 62 glioma samples, 38 (61.29%) and 24 (38.71%) samples displayed high and low expression of KDM2B ([Table 1](#t1-ott-11-201){ref-type="table"}), respectively, and further analysis showed that patients with high KDM2B expression more frequently had advanced WHO grade than those with low KDM2B expression (*P*\<0.05, [Table 1](#t1-ott-11-201){ref-type="table"}). There was no statistical significance between the KDM2B expression and other clinicopathological features, including the patients' age, gender, tumor location, tumor size, and Karnofsky Performance Scale (KPS) score (*P*\>0.05, [Table 1](#t1-ott-11-201){ref-type="table"}).

Furthermore, we measured the protein expression in the glioma samples and normal brain tissues by Western blot. We found that the expression of the KDM2B protein in glioma samples was higher than that in the normal brain tissues, and quantitative results showed that the KDM2B protein expression levels were highest in the high-grade glioma tissues (grades III and IV; [Figure 1B and C](#f1-ott-11-201){ref-type="fig"}). These results suggested that KDM2B was overexpressed in the human glioma tissues and its expression was correlated with glioma grade.

KDM2B expression level correlated with poor prognosis of glioma patients
------------------------------------------------------------------------

To evaluate the effect of the KDM2B expression level on the prognosis of glioma patients, we divided the patients into two groups: the high expression group and the low expression group by IHC, and were followed up for 60 months. The survival time of the high KDM2B expression patients was shorter than that of the low KDM2B expression patients according to Kaplan--Meier survival analysis (*P*\<0.05, [Figure 2](#f2-ott-11-201){ref-type="fig"}). Furthermore, we used univariate and multivariate analyses to examine the relative risk of the prognostic parameters ([Table 2](#t2-ott-11-201){ref-type="table"}). The Cox regression model showed that the KDM2B expression level (hazard ratio 2.224; 95% confidence interval \[CI\] 1.171--4.227, *P*=0.015) and glioma grade (hazard ratio 9.894; 95% CI 3.435--28.500, *P*=0.000) were independent prognostic factors for the poor overall survival of glioma patients.

Knockdown of KDM2B in glioma cell lines inhibited cell growth
-------------------------------------------------------------

To determine the function of KDM2B in glioma cells, basal KDM2B levels were knocked down by shRNA in the two glioma cell lines, U251 and U87. The transfection efficiency was determined by Western blot ([Figure 3A](#f3-ott-11-201){ref-type="fig"}). Compared to the shNC (nonspecific control) group, the protein levels of KDM2B in U251 and U87 glioma cell lines were significantly decreased in the shKDM2B groups. Thus, shKDM2B\#1 and shKDM2B\#2 were used for the next experiments.

We examined the effects of KDM2B on glioma growth by MTT assay and colony-forming assay. The cell viability of the glioma was observed for 6 days in the NC and shKDM2B groups by MTT assay. The growth of shKDM2B groups was obviously decreased from the fourth day in U251 and U87 glioma cell lines ([Figure 3B](#f3-ott-11-201){ref-type="fig"}). We also found that the downregulation of KDM2B remarkably inhibited the colony-forming ability of U251 and U87 cells ([Figure 3C](#f3-ott-11-201){ref-type="fig"}). The colony-forming numbers of the two glioma cell lines in the shKDM2B groups were significantly decreased compared with those in the NC group. These results showed that shKDM2B could inhibit the growth of the glioma cells in vitro.

Knockdown of KDM2B induced cell cycle arrest of glioma cell lines
-----------------------------------------------------------------

Because KDM2B knockdown can reduce cell proliferation, we further examined the effect of KDM2B knockdown on the cell cycle by FCM. The results showed that knockdown of the KDM2B gene can reduce the proportion of cells in the S and G2/M phases while increasing the proportion of cells in the G0/G1 phase in both glioma cell lines ([Figure 3D](#f3-ott-11-201){ref-type="fig"}). The results of the cell cycle assay showed that the knockdown of KDM2B induced cell cycle arrest at the G0/G1 phase.

Silencing of KDM2B regulated the expression of cyclin D1 EZH2 and P21 in glioma cell lines
------------------------------------------------------------------------------------------

Following the knockdown of KDM2B in the U87 and U251 cell lines, cyclin D1, a cell cycle-related protein, was examined by Western blot assay. We found that the downregulation of KDM2B significantly decreased the protein levels of cyclin D1 ([Figure 3E](#f3-ott-11-201){ref-type="fig"}). Moreover, silencing of KDM2B induced the downregulation of EZH2 and the expression of P21 was increased ([Figure 3F](#f3-ott-11-201){ref-type="fig"}). These results indicated that the KDM2B/EZH2 pathway plays an important role in glioma cell lines.

Discussion
==========

Glioma is one of the most aggressive tumors, and the prognosis for glioma remains very poor. Despite multiple reports have demonstrated new treatment for this specific tumor type, the destruction caused by glioma did not improve dramatically. Thus, the pathogenesis of glioma remains to be further elucidated. The development of glioma is a multistep progress, which involves multiple epigenetic changes. As reversible biomarkers, epigenetic markers might be used as a potential therapeutic target for glioma.

In this study, we first investigated the expression of KDM2B in human glioma tissues and normal brain tissues. We found that KDM2B was upregulated in glioma tissue compared with normal tissues. In addition, we analyzed the association between KDM2B expression and the pathological features of glioma. In our results, the expression of KDM2B was highly correlated with the glioma grade. The survival analysis showed that the high expression of KDM2B was associated with low survival rates. These results demonstrated that KDM2B might play a vital role in the development of glioma. These results were consistent with the previous study on the upregulation of KDM2B, which was associated with the progression and low survival rate of gastric cancer. Moreover, a previous study has shown that KDM2B mediates the apoptotic response in GBM cells by activating the apoptotic machinery.[@b28-ott-11-201]

In the present study, knockdown of KDM2B dramatically reduced the viability of both the U87 and U251 glioma cells in vitro. In addition, inhibition of KDM2B contributed to cell cycle progression in the two glioma cell lines and resulted in an increase in the percentage of G0/G1 phase cells while decreasing the percentage of S phase cells. These results showed that KDM2B might play a vital role in the proliferation of glioma cells.

It has previously been reported that the knockdown of KDM2B inhibits cell proliferation and affects cell cycle progression in tumor cells.[@b29-ott-11-201] Moreover, genetic knockdown of KDM2B can also induce G0/G1 arrest in cancer cells.[@b9-ott-11-201] These results were consistent with the findings in the present study. Previous results showed that downregulation of the cell cycle plays a vital role in glioma cells.[@b30-ott-11-201],[@b31-ott-11-201] In addition, silencing KDM2B can enhance the protein expression of P21 and reduce the expression of cyclin D1. Accumulating expression of P21 represses RB phosphorylation, which is necessary for the cell cycle.[@b32-ott-11-201] In multiple cancer cells, cyclin D1, a pro-oncogene protein, regulates the G1-to-S phase transition in cell cycle.[@b33-ott-11-201] These results indicated that, in glioma cells, KDM2B regulates the cell cycle through coordinated regulation of a variety of cell cycle-related factors.

The experiments in this study showed that silencing KDM2B reduced the protein expression of EZH2 in two glioma cell lines. EZH2 is an oncogenic gene with multiple aspects, which promotes the migration and proliferation of tumors by the methylation of tumor inhibitor proteins.[@b34-ott-11-201] The prognostic and biological role of EZH2 has been fully investigated in gliomas.[@b35-ott-11-201]--[@b40-ott-11-201] In addition, deactivation of EZH2 might alleviate many vital signals relating to glioma self-renewal, which suggests that EZH2 can act as a novel therapeutic factor for GBM.[@b41-ott-11-201] A previous study identified EZH2 as a prognostic biomarker of survival rates in glioma patients undergoing resection treatment. Previous evidence showed that KDM2B regulates the expression of EZH2 by transcriptionally repressing microRNAs such as let-7.[@b16-ott-11-201],[@b42-ott-11-201] It has been reported that EZH2 expression in myelodysplastic syndrome cells was downregulated when KDM2B was silenced.[@b41-ott-11-201] These results indicated that EZH2 may be regulated by KDM2B. Furthermore, EZH2 overexpression was found to be related to poor prognosis of gliomas and to promote the tumorigenicity of GBM by targeting STAT3.[@b43-ott-11-201],[@b44-ott-11-201] These results indicated that KDM2B can mediate the expression of EZH2 and participate in the pathogenesis of gliomas.

Conclusion
==========

The present study showed that KDM2B was overexpressed in glioma tissues and might reflect the prognosis of glioma patients. Moreover, the expression of KDM2B is associated with glioma degree in a grade-dependent manner. In addition, genetic silencing of KDM2B has been found to have growth-inhibiting effects in the U87 and U251 human glioma cell lines and is correlated with G0/G1 phase cell cycle arrest by targeting the EZH2 genes. Further studies are needed to explore the potential role of KDM2B in gliomas in animal models.
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![KDM2B expression in glioma tissues and normal brain tissues.\
**Notes:** (**A**) KDM2B expression was detected by immunohistochemistry, and KDM2B was stained in the nucleus and cytoplasm of the glioma cells. (**B**) KDM2B protein levels were determined by Western blot analysis. Each lane represents different samples. (**C**) The KDM2B protein data are presented in a scatter diagram. \**P*\<0.05, \*\**P*\<0.01.\
**Abbreviation:** WHO, World Health Organization.](ott-11-201Fig1){#f1-ott-11-201}

![Kaplan--Meier survival analysis of glioma patients.\
**Note:** There was a significant difference between the survival times of patients with high KDM2B expression and those with low KDM2B expression (*P*\<0.05).](ott-11-201Fig2){#f2-ott-11-201}

###### 

KDM2B knockdown in the GBM cell lines reduced cellular proliferation and induced G1/G0 cell cycle arrest.

**Notes:** (**A**) The protein expression of KDM2B was detected after shKDM2B transfection. (**B**) Following shKDM2B stable transfection in the U87 and U251 cell lines, the viability of the cells was examined using an MTT assay. Knockdown of KDM2B reduced the viability of the U87 and U251 cells; \*\**P*\<0.01. (**C**) The colony-forming assay showed that KDM2B knockdown inhibited cell growth in the U87 and U251 cells; \*\**P*\<0.01. (**D**) KDM2B knockdown induced cell cycle arrest in the G0/G1 phase; \**P*\<0.05. (**E**) Western blot assay evaluated the expression of the cyclin D1 proteins in U87 and U251 cell lines. (**F**) The protein levels of EZH2 and P21 were measured by Western blot analysis.

**Abbreviations:** GBM, glioblastoma; OD, optical density.
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###### 

Clinicopathological features of 62 glioma patients

  Variables         Number of cases   Expression of KDM2B   *χ*^2^ value   *P*-value   
  ----------------- ----------------- --------------------- -------------- ----------- -----------
  WHO grade                                                                9.16        0.010^\*^
   II               15                10                    5                          
   III              18                8                     10                         
   IV               29                6                     23                         
  Age (years)                                                              0.069       0.792
   \<50             22                9                     13                         
   ≥50              40                15                    25                         
  Gender                                                                   0.193       0.660
   Male             28                10                    18                         
   Female           34                14                    20                         
  Tumor location                                                           0.494       0.482
   Supratentorial   54                20                    34                         
   Infratentorial   8                 4                     4                          
  Tumor size (cm)                                                          0.654       0.419
   \<3              22                10                    12                         
   ≥3               40                14                    26                         
  KPS                                                                      0.663       0.416
   \<80             35                12                    23                         
   ≥80              27                12                    15                         

**Notes:** Statistical analyses were performed by the Pearson *χ*^2^ test. ^\*^*P*\<0.05 was considered statistically significant.

**Abbreviations:** KPS, Karnofsky Performance Scale; WHO, World Health Organization.

###### 

Univariate and multivariate analyses of molecular and clinical factors with prognosis of patients

  Variables                                     Univariate analysis   Multivariate analysis                                                                              
  --------------------------------------------- --------------------- ----------------------- -------------------------------------------------- ------- --------------- --------------------------------------------------
  Grade (II vs III + IV)                        8.808                 3.333--23.274           0.000[\*](#tfn3-ott-11-201){ref-type="table-fn"}   9.894   3.435--28.500   0.000[\*](#tfn3-ott-11-201){ref-type="table-fn"}
  Age (years) (\<50 vs ≥50)                     1.545                 0.828--2.883            0.172                                              0.832   0.407--1.701    0.615
  Gender (male vs female)                       1.004                 0.571--1.766            0.988                                              1.185   0.639--2.197    0.590
  Location (supratentorial vs infratentorial)   1.133                 0.481--2.673            0.775                                              1.089   0.426--2.781    0.858
  Size (cm) (\<3 vs ≥3)                         1.051                 0.587--1.880            0.868                                              0.955   0.499--1.829    0.890
  KPS (\<80 vs ≥80)                             0.720                 0.402--1.290            0.270                                              1.047   0.563--1.948    0.884
  KDM2B (low vs high)                           2.442                 1.348--4.426            0.003[\*](#tfn3-ott-11-201){ref-type="table-fn"}   2.224   1.171--4.227    0.015[\*](#tfn3-ott-11-201){ref-type="table-fn"}

**Note:**

*P*\<0.05 was considered statistically significant.

**Abbreviations:** CI, confidence interval; HR, hazard ratio; KPS, Karnofsky Performance Scale.
